Carbon-based solid acid catalyst was found to be highly efficient, eco-friendly and recyclable heterogeneous catalyst for the multicomponent reaction of dimedone, aromatic aldehydes, and a nitrogen source (ammonium acetate or aromatic amines) under solvent-free conditions, giving rise to 1,8-dioxodecahydroacridines in high yields. The present methodology offers several advantages, such as a simple procedure with an easy work-up, short reaction times, high yields, and the absence of any volatile and hazardous organic solvents.
Introduction
Multicomponent reactions (MCRs) have emerged as efficient and powerful tools in modern synthetic organic chemistry because the synthesis of complex organic molecules from simple and readily available substrates can be achieved in a very fast and efficient manner without the isolation of any intermediate. [1] [2] [3] [4] In this type of reactions three or more components are reacted to form ideally one product, which contains the essential parts of all the initial reactants. MCRs contribute to the requirements of an environmentally friendly process by reducing the number of synthetic steps, energy consumption and waste production. Therefore, developing new MCRs and improving known MCRs are popular areas of research in current organic chemistry.
1,4-Dihydropyridines (1,4-DHPs) are a common feature of various bioactive compounds such as vasodilator, bronchodilator, anti-atherosclerotic, anti-cancer and anti-diabetic agents. [5] [6] [7] [8] Also, a number of DHP derivatives are employed as potential drug candidates for the treatment of congestive heart failure. 9 1,8-Dioxodecahydroacridines and their derivatives are polyfunctionalized 1,4-dihydropyridine derivatives which have received less attention than other 1,4-dihydropyridine derivatives. These compounds are generally synthesized in a three-component cyclocondensation of dimedone, aromatic aldehydes and ammonium acetate or amines in the presence of several catalysts such as p-dodecylbenezenesulfonic acid (DBSA), 10 [B(C 6 F 5 ) 3 ], 11 Proline, 12 Amberlyst-15, 13 NH 4 Cl, 14 and Brønsted acidic imidazolium salts.
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Synthesis of these compounds by the classical Hantzsch's procedure 16 or reaction of aldoximes with dimedone, under microwave irradiation have also been reported. 17 However, most of these reported procedures have disadvantages including low yields, prolonged reaction time, toxic organic solvents and harsh reaction conditions. Therefore, the development of simple, efficient, high-yielding, and environmentally friendly methods under mild conditions using new catalysts for the synthesis of 1,8-dioxodecahydroacridines is still necessary.
Replacement of conventional toxic and pollutant Brønsted and Lewis acid catalysts with environmentally benign and reusable solid heterogeneous catalysts is an active area of current research. Using solid acid catalysts have some advantages such as ease of products separation, recycling of the catalyst and environmental acceptability as compared to liquid acid catalyst.
18 Carbon-based solid acid (CBSA) catalyst has many advantages. It is insoluble in common organic solvents, causes low corrosion, and shows environmental acceptability. Also the products could be easily separated from the reaction mixture and the catalyst is recoverable without decreasing its activity. Therefore, it can be successfully used instead of sulfuric acid as catalyst.
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To the best of our knowledge there are no examples on the use of CBSAs as catalysts for the synthesis of 1,8-dioxodecahydroacridines.
Due to our interest in the synthesis of heterocyclic compounds, [23] [24] [25] [26] and in continuation of our previous works on the applications of reusable catalysts in organic reactions, [27] [28] [29] [30] [31] [32] [33] [34] [35] herein we report the new efficient synthesis of 1,8-dioxodecahydroacridines using a CBSA as catalyst (Scheme 1).
Experimental
All chemicals were available commercially and used without additional purification. The catalyst was synthesized according to the literature. Melting points were recorded on an electrothermal type 9100 melting point apparatus. The IR spectra were obtained using a 4300 Shimadzu spectrophotometer as KBr disks. The recorded with a Bruker DRX500 spectrometer.
Preparation of CBSA. The CBSA was prepared according to the reported procedure by Hara and co-workers.
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Naphthalene (20 g) was heated in concentrated sulfuric acid (> 96%, 200 mL) at 250 °C under a flow of N 2 . After heating for 15 h, excess sulfuric acid was removed from the dark brown tar by vacuum distillation at 250 °C for 5 h, which resulted in a black solid. The solid was then ground to a powder and was washed repeatedly in boiling water until impurities such as sulfate ions were no longer detected in the wash water. The density of the SO 3 H group was measured using NaOH (0.01 mol/L) as titrant by acid-base potentiometric titration. The amount of SO 3 H attached to the polycyclic aromatic carbon was 2.79 mmol/g.
General Procedure for the Synthesis of 1,8-Dioxodecahydroacridines 4a-p Catalyzed by CBSA. A mixture of dimedone 1 (2 mmol), aromatic aldehyde 2 (1 mmol), ammonium acetate or aromatic amines 3 (1 mmol), and CBSA (0.03 g) was heated in the oil bath at 100 °C for 15-40 min. During the procedure, the reaction was monitored by TLC. Upon completion, the reaction mixture was cooled to room temperature and hot ethanol was added. The catalyst was insoluble in hot ethanol and it could therefore be recycled by a simple filtration. The product was then collected from the filtrate after cooling to room temperature and recrystallized from ethanol to give compounds 4a-p in high yields.
Recycling and Reusing of the Catalyst. Due to the fact that the catalyst was insoluble in hot ethanol, it could therefore be recycled by a simple filtration. The separated catalyst was washed with ethanol, dried at 60 °C under vacuum for 1 h and was reused in another reaction. The catalyst could be used at least three times without significant loss of activity. 
Results and Discussion
The one-pot synthesis of 1,8-dioxodecahydroacridines was achieved by the three-component condensation of dimedone, aromatic aldehydes, and ammonium acetate or aromatic amines in the presence of CBSA as a heterogeneous catalyst (Scheme 1). CBSA was prepared according to the literature procedure.
19 At first, the synthesis of compound 4a was selected as a model reaction to optimize the reaction conditions. The reaction was carried out by heating a mixture of dimedone (2 mmol), benzaldehyde (1 mmol), and ammonium acetate (1 mmol) under various conditions.
The efficiency of the reaction is affected mainly by the amount of CBSA (Table 1) . No product was obtained in the absence of the catalyst even after 180 min (entry 1) indicating that the catalyst is necessary for the reaction. Increasing the amount of the catalyst increased the yield of the product 4a. The optimal amount of CBSA was 0.03 g (entry 4); increasing the amount of the catalyst beyond this value did not increase the yield noticeably (entries 5, 6).
Furthermore, the reaction was carried out in different solvents and under solvent-free conditions. As shown in Table 2 , the yields of the reaction under solvent-free conditions were greater and the reaction times were generally shorter than the conventional methods. The best result was obtained at 100 ºC for 20 min under solvent-free conditions. Increasing the reaction time or temperature did not improve the yield. Subsequently, therefore, all reactions were carried out at 100 ºC in the presence of CBSA (0.03 g) under solvent-free conditions. Using these optimized reaction conditions, the scope and efficiency of this approach was explored for the synthesis of a wide variety of 1,8-dioxodecahydroacridines and the obtained results are summarized in Table 3 . Aromatic amines substituted with electron-donating group or none reacted successfully with dimedone and a wide range of aromatic aldehydes bearing both electron-donating and electron-with- All the products were characterized by IR spectral data and comparision of their melting points with those of authentic samples. Also, the structures of some products were confirmed by drawing substituents and gave the products 1,8-dioxodecahydroacridines in high yields. However, when the mixture of aromatic amines substituted with electron-withdrawing group, dimedone and aromatic aldehydes was heated under optimized reaction conditions, 1,8-dioxooctahydroxanthenes 36 were formed (Table 3 , entries 17 and 18). Based on Wang's report, 15 aromatic amines substituted with electron-withdrawing group did not have enough nucleophilicity to produce 1,8-dioxodecahydroacridines.
Reusability of the catalyst was also investigated. For this purpose, the same model reaction was again studied under optimized conditions. After the completion of the reaction, the reaction mixture was cooled to room temperature, and hot ethanol was added. The catalyst was separated by simple filtration, dried at 60 °C under vacuum for 1 h, and reused for a similar reaction. As shown in Figure 1 , the catalyst could be reused at least three times without significant loss of activity.
In conclusion, we have reported a simple new catalytic method for the synthesis of 1,8-dioxodecahydroacridines by one-pot three-component reaction of dimedone, aromatic aldehydes, and ammonium acetate or aromatic amines using CBSA as an efficient, reusable, and green heterogeneous catalyst. The catalyst can be recycled after a simple work-up, and used at least three times without substantial reduction in its catalytic activity. High yields, short reaction times and easy work-up are just a few of the advantages of this procedure. 
